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: ‘three SLatinet systems of coupling eres ar apere — 
ture are trested in this paper by moang of approximations, 
They area, namely: eo-axieal coupling between a rectangular 
and a elroular wave guides. coupling between a TE, 9 mode 
in & rectangular wave Galde = 2 TM oq mode in a 1 ecular 7 
eavity; and, finally, coupling between a TEy 9 moda in a 
yoeotanmiter ways guide and o TM», wmode im a e roular wave — 
geids, Threue cortain sppronahes to these problems, it 1a 
hosed that the reader will understand the necessity of . 
treating complicated, fundemontal microwave srobleme from 
tne standpoint | of phyaloai eongopts. It is. oslieved that 
the formulae suggested herein are brand new, and will have. 
gertain applications which have not been adequately exam. 
ined previousty, Also, the techniques introduced here san - 
be apoiied to other constantly ariging problems whieh must 
be dealt with in siierowave sys Veme 


he Poreward : = 7 


| Within cortain mi OPOWATE late ~ wo should use wave. 
a Ratevies 6 leicsaheaniale 29506 
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ent CaB or enwity rasorators of vwarylag geometries, In oe 
det to esieuleate the externe) shareateristies of these sys= 
tems, we hive te consider the effeata of élacontimity as 
TAGy bear oon fhe problem of simultaneous sais op iaiea of 


WEES mk ae esslings ef yerying a a éaloulatio 
oe en’ p Cys Le ¥ 468 & gimole matter eet sa 4% Lae almost 


Fino csaiple to achiewe any koouracy when the changs of zeome 
ebty 44 tupresatable, Thevrefors, in the study of mierowave 
SYACORE y many €ivferent methods of approximation mst be 
used in the onlevlation of gear plings of different ailezents, 
m2) een peas af obtaining & hish degree of accuracy ag 
web &s oe SLIGLty. | 

| ‘Pha el abe oF this paper is $6 employ the eaicuia.s 
tiona for thees aitterent types of coupling syatem in an 
affort. to introduss some met thoda of anprozimetion which 
might be peeful In problem aclying. The rander will read. 
Ly sas the necessity for a fies degrees of akiil tn solving 
theas SOW LEMS « Besguae of this Pastors the methoda used 
fv this paver ava not believed to be the beste chika eee 
iv, & more probing investigation will reveal even beth 
Geubnt ue? ¢ | 

| Evan though the accuracy of the resuLts presented 
in this paper have not been nractieally. (ie@e, exoerd MOTiw 
tally) Yerursed the author hae employed the first and the 
gecond aourling syvatems in acted practices und the results 
EVES been satisfactory. , 
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Figs . iiiuatrates & coupling system sconslating of 4 
eectengiar wave guide andi a eyiindrical wave guide, The 
reotancular wave guide is at aco, the eyiindrical wave 
guide da at spo, At go, the two ware guides aro soupled 
toeether throws & amaiil cirewlear hole, Tha rectangular 
weve guide hag sides xe23/2, yea /2; the cylindvsical wave 
pulds hag radius R. Before saben this weoblem we will | 
norma lige the normal waves propagating in the wave auldea,. 
in the following manner: taking ¢ ag the direstion of 


vines 1 


propacetion, normalize the transverse components Et, and 
litn on the xv plane; Pirst norm lize Bry 


f jee 1. (3 ) 


then, according to wave gulde theory, Ezy, i8 also nord Le 
ized: Baie, Gee me 
f re Bry Ady i ae { o } 


where subscript t represents the watue of the tranaverss 
component, mis the order of the nornal Waves$; ches Etsy 
iy the transverse component of the nth normal wave, Zon is 
the wave inpedance of the nth normal wave 
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wheres sand G@are the permeablility and dielectric constants, 
raspectively, of the dielectric in the wave guide; »~ 1s the 
operating wavelength, andAgn is the wavelength of tha wave 
quice to the nth normal wavé; end, s ils the cross-section 
of the wave mud dee 7 

Assuming that the rectangular wave guide anc the 
eyiindrical wave guide ean only propagate the lowest TE 
mode, then the transverse magnetic field components which 
satisfy the normalization conditions of equations (4) and 
(2) are (for a cylindrical wave guide): 
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while, in a rectangular wave guide, they are: 
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feb - (4) 
Wow, Jet us assume thet an ircoming wave of unit 
amplitude, and @ reflected wave of amplitude TC are present 
in the rectanmular wave guides; in the evyilindrical wave 
miide there is only one outgoing wave of amplitude T. In 
the coupling aperture, the electric and mapnetie flelids, 


Ey ani Ho, respectively, are yet to be determined. 
We sllready know that if two elestric and maenetie 
fields Ki, Hi, and Eo, Heo, of the same frequency satisfy 
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Mexwellis homogeneous equation, then in eny defined region 
nd Me bei Rd 
encicased by & curved surfase = the Pol ne a Lo GME 
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: 
a¢% hand, wa teke a aurtace & tna eylindries. wa ihe aide 

and apoly eq. (&}: a plane geo, on whieh the eo plin 
aparbure iies, inside surtace of the wave guide ana . plans 
gen, Qiatanws from plane geo, We tale the oubgotrig beg. 4m 
the oylindrical guide ag By, Hh, and take & normal wave 
with an am plitude of ome, which can, and dees propagate 
towerd pilene geo, a9 Eso, Ho. Wherefore, the mM watts on. 
PiGnS gas Lg aonpoced of fwe sepesitely PPOUSPETI NG WAVES 
Sinaa we have aasumed that the waves ars wiveady novmalised, 
and that the amplitudes of the cutroing wawe in the wy liner d = 
ea] guice is T, wa now have | 
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af The Buove Lnbegrs Low Essume that He and Ka are 
| : ch Od 
qoystany over the ANG? hhre, The integra) value of nx By 
Le proportacmal to tas wagnetia moment of @ maenetiao dipole 
and if, in turn, is proportional ee the maenituda of the 
inecwming wave, Thug, sopiyine the results «af Me, (5), we 
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as 


(iraneverse components) af Ho and Hye Since whet we are 
treating is of the TH ,;1 mode, there ig no longitudinal 
eonponent and, hence, ne moment of electric dipole effect. 
We take the sum of the BN field on both sidss of the apa. 
ture as the EM field, Eq and Hos over the aperture. Fige 1 
ghews the EM fields on both aides of the aperture, so that, — 


on plane geo, wo arrive at | | 
: | Bg Beth) + Bal, (10) 
Substituting in Eq. (9) _ 
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| Let ue take two transmission lines of characteristic 
admittance ¥, and Yp, and use reactive conductivity B of 
the shunt te ecoupis them together; then, the coefficient 
of reflestion T , anc the ecefficient of tranamisgsion T are, 
respectively: PRs gence steer sieteaete eects 
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When B/Ys has a high value, Ene (12} can be expressed 
as Loliows: 3 posi b | | | 
i eat ey, . . (35) 
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Comparing Bg. (13) with Eo, (11), if the value of - 


+<" Ag fe ae Ra By a - 8, & 


or St a [os EWS i. or 
ee a ae 


oe) Pee _ + 
eo. a ES have 


a ee 


4 GRESHAM, yy Ae ys 


my 

5. 

Pre e563 
eT « 
ars 


Ge (14) ean be arbitrariiv applied to any coup Ling 
probles im a wave guide with (owe, different crosgesestion 
aYCRS, Ot crosa.ueetion shapes, provided we take the cor. 
rest vyaiues of the normalized Hey, and Ey, on both sides of 
ths seupling apertures, In eased whers the aperture is not 
eirewiar, Eo. (14) still wey be apoiied if we chooses the 
pranor BH, For inetance, when two wave guidea of different 
Gross.secklons are eoupled Ceo oe is andthe 
this oemiationBeives ua the eee 4 
aba ar the: Ponetive OTL= 
re: iviiy due to the factor. 

{ diseoy obra by 6 Ag to the 
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G8) exarep Le with plot is 
shown, In thie example, wa 
haya had to inmelude 4 cote 
yeraion facter (due to the 

finite thickness of tha apere 
ture, The conversion Yactor 
43 introduced by considering 
the wembrene as & short 
EPSHAMLESLON A109 5 Hoar ET 
ing tha two etdes of the 
dlacont timious piene, as shown 
in Fig. 3, However, thua rar 
we have diacossed only the 
Lowest EM wave in the apere 
ture, so in Fig, &@ t is the 
thickness of thea eonductive 
menbrane im which the ape. 

we ie Located. 24 and 2.4 
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are, respestively, the wa 78 Figure @, J “uduothive 
Sumedance of the wave ond da Coup Ling Rac: stivea Gotle 
having the sama erossodec= | ductivity Botwaen Reet. 
tion ais the aperture (Gore  angn tar and Ovlindrion! 
rectiy, the walue after Wave Guides 


novimlisation of one wave : 
guide impedance}, and wave guide wavelength, = ifed. WhON 


the thiclness t 48 not lerge, the series arm in Pig, & (oan 
be disvosarted, | 


In Fie, &, the effect of the gevias ais was int OOfie 
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gideved when ealouleting 
the conversion facter of 
t 0, Simms, | , 

Fig, & represents 
an equivaient olreuit of 
the soupling system bee 
twean two guides having 
weve impedances ZG’ and 
Ziti, Normalised reastive . 
conductivity, represent. 
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oatontated from Eqe (16). Gdvoult of Thlek Aperture 


oe Coupling Batween TEy_9 Mode in a Restanguler Wave Guide 
and Tijco Mode in a Cyltnertcal Cavity Mesonator 
hs shown in Plea. 4, tha short side of the rectangue 
iar guide is parallel to the axis of the eviindrical aavity 
resovater., The center of the rectanguler wave guide 6rosse 
easbvion 1¢ Lloaated on the verpendioular which bisects the 
surface of the cylindrical guide, The crossesection ares 
of the vectangulac guide 1s a x b, gb, and the eviindri cad 
cavity resonator nag & redius and height of one (1). At 
ft, the center of the restangular 
guide there is & circular Apéere 
tare of Atameter d to counie the 
reetangular miide end the cyling 
dries. eavyity regonator together, 
Agsume that the provasgate 
dane mode in the rectangular wave 
miide ie TEy.o, that thera are | 
oniy Hei, Bet, and He! components. 


Bye Eg,» ne Hy in the oylindrioal 
wave puide, We eshali consider | 
¢his resonator as @ radial trang. 
wiseion ins, Also, we shall ase 
gume there is only a TMygo mods 

| exfating in this radial trang. 
tmisgion tino. This transmission 
oe mmfti  itmea is coupled through an induce 
tive admittance to a uniform line 
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Radial Trangwission Line guides 1s also shown in Pige 4e 
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